[P lates 1-5.] Angstrom's " normal solar spectrum " has served most spectroscopists as a standard of reference for wave-lengths in the visible part of the spectrum. Cornu's con tinuation of it, and particularly the map of the iron lines which he used in the construction of it, serves very well for such a standard up to the limit of the solar spectrum,
i . e . ,t o a wave-length 2948 (U). For the region above this we have had to use Mascart's and Cornu's wave-lengths of the cadmium lines, and Cornu's wave lengths of some magnesium lines. The intervals between those lines are, however, too great for any close approximation to the wave-lengths of intervening lines by interpolation, and, moreover, the wave-lengths did not appear to be determined with sufficient precision to serve as a standard, and the lines are ill adapted to th at purpose by reason of their diffuse character. For the determination of the wave-lengths of lines in this higher region we have, therefore, been driven to form a standard for ourselves. For this purpose wT e have chosen the iron spectrum which had been employed by Cornu in the region which he mapped, and seemed to answer the purpose well, both from the number of lines which it presents and their characteristic grouping by which they may easily be recognised by anyone who has once become familiar with them. The wave-lengths of the most prominent lines were determined by means of a Dutherfurd diffraction grating, as detailed below, between the wave-lengths 2948 and 2327 ; but beyond this there is a remarkable falling off in the intensity of the iron lines, and between wave-lengths 2327 and 2135 (which is near the limit of transparency of Iceland spar) we have preferred to determine the wave-lengths of the prominent copper lines which are numerous and strong in that region. The wave lengths of a series of lines at short intervals having thus been determined, those of the intervening lines were obtained by interpolation, and the result is showui in the map of the iron spectrum above U which accompanies this paper.
The instruments.
The goniometer used was constructed for us by H ilger, and has a circle of 18 inches diameter, graduated at intervals of 5' by Simms. Fractions of 5' are read by a microscope with a micrometer eye-piece fixed to the arm which carries the telescope.
The telescope and collimator have each an object-glass consisting of a single lens of quartz 1^ inch diameter and a focal length of 18^ inches for the sodium yellow light, but not more than 16 inches for the highest rays measured. The sliding tubes of both telescope and collimator are graduated in fiftieths of an inch, and alterations of focus were made on both instruments at the same time, so th at the rays falling on the grating might always be nearly parallel. The graduation of the sliding tube was also used for ascertaining the distance of the photographic plate from the object-glass of the telescope. This was necessary for computing the corrections of the angular measure, as explained below. The collimator is furnished with a quartz lens, of 3 inches focal length, in front of the slit, movable to a greater or less distance, but retained by guides so that its axis may remain coincident with th at of the collimator. This lens was placed about 6 inches in front of the slit, and the source of light, at the same distance beyond it, so that its image was focussed on the slit.
The measurements were all made by means of photographs taken on W ratten and W ainwright's instantaneous dry gelatine plates. The plates (2f inches by 1 inch) were held in a small slide attached to a tube which fitted the telescope in place of the eye-piece, and thus the plate could easily be turned about an axis perpendicular to its plane and coinciding with the axis of the telescope. This turning of the plate about is a m atter of no small importance, as it enabled us to avoid the errors which would have arisen from measuring the distances of the lines from the irregular edge of the plate, as will be seen when the mode of measuring the photographs is described. The plates were retained in one position in the slide during exposure by three springs, of which two pressed against two edges of the plate and the other against its back.
The grating was ruled on speculum metal by Chapman with R utherfurd's machine, and has a ruled surface of rather more than I f inch in each dimension, with 17,296 lines to the inch. I t is an excellent grating, but, of course, has the faults which belong to the particular machine by which it was ruled. The definition, when it has not been exposed to variations of temperature, is very good, but it has one inconvenience for our present purpose, which is, that the focus for the same ray in the spectrum of the same order does not fall at quite the same distance from the objectglass of the telescope on the two sides of the normal. The explanation of this has been given by Cornu (Comptes Rendus, lxxx., 645) , who has shown that it is due to a systematic variation in the distance between the ruled lines. As the method employed by us depends upon taking angular measures of the position of the ray on both sides of the normal, and any shift of the focussing tube between the two positions would be likely to introduce serious errors, we have been obliged to be content with the photograph taken on one side being a little, though only a little, less sharp in definition than th at taken on the other side. The grating was used with its plane perpendicular to the axis of the collimator, and it was brought into that position in the following way. The telescope and collimator having their axes directed as nearly as possible on to the centre of the circle, the telescope was placed opposite the collimator and the cross wires brought on to the image of the slit, and the reading of the circle taken. The grating was then placed in position and adjusted for level until the spectra occupied the middle of the field of view in all positions of the telescope. I t was then adjusted in azimuth until the images of the D lines, from the light of a sodium flame in front of the slit, in the spectra of the second order, on the two sides of the normal were at equal angular distances from the axis of the collimator, as determined by the reading taken when the telescope was opposite the collimator. The grating was then clamped in th at position. This adjustment had to be made by hand and was liable to disturbance in the clamping, so th at it was afterwards found th at the plane of the grating was not quite perpen dicular to the axis of the collimator ; but as the errors arising from this in the measures on the two sides nearly compensate one another, the final error in the wave length from this cause is very small indeed.
For measuring the photographs a micrometer was constructed for us by H ilger. This is attached to the stage of a microscope and carries a small frame in which the photographic plate is held by springs. The micrometer-screw has 100 turns to the inch, and by the drum-head y^t h of a turn or yy<jocrth of an inch can be read. A 1 inch object-glass to the microscope was used, and measures were made by moving the plate until the lines of the photograph were successively bisected by a spider line in the eye-piece. The reading of the micrometer gave the distances between the lines.
The source of light employed was, in the first instance, the arc from a D e Meritens magneto-electric machine, in a crucible of magnesia into which iron wire was intro duced. But from the overlapping of the spectra of different orders, and the large amount of light emitted by the arc, we found that the plates were so clouded in many places th at the lines could not be well seen, and we abandoned the arc for the spark between iron electrodes. This was produced by a large induction coil, worked by 5 Grove's cells, and having a large Leyden jar connected with the secondary wire. No inconvenience arose from the overlapping of the different orders when the spark was used, because the parts of the spectra of higher and lower orders which overlapped the part of the spectrum of the fourth order to be measured were always considerably out of focus, the object glasses of telescope and collimator being uncorrected, and so the light of the lines in the overlapping spectra was diffused and produced only a faint clouding of the plate, which in no way interfered with the measure of the lines of the fourth order.
PROFESSORS G. D. L1VEING AND J. DEWAR ON

Mode o f proceeding.
The first thing to be done was to obtain a focussing scale for the different angles, including the portion of the spectrum to be mapped.
This was already known approximately from Sarasin's table of refractive indices of quartz, and was corrected by a senes of trial plates taken at successive angles.
The electrodes, between which the spark was passed, were arranged so that the spark should pass horizontally (the slit being vertical), and at such a height th at the visible image formed by the lens in front of the slit on the plates of the slit might fall ju st above, or partly above, the centre of the slit. The lower half of the slit was closed by a shutter, so that only the lower half of the field of view of the telescope wT as illuminated. The distance of the spark from the lens had next to be adjusted, as the focal length of the lens for the visible rays is very different from th at for the ultra violet which were to be photographed. This was done by estimation, as there was no need to have the image exactly focussed on the slit, so long as the slit was in the middle of the image and light enough passed through. The telescope w'as then set to such an angle as would bring the line so measured nearly into the centre of the field, the focus adjusted, the photographic slide adjusted and levelled, and the plate exposed. An image of the lines was thus formed on the lower half of the plate. The slide was then turned round through 180° about the axis of the tube, so as to bring what had before been the upper side of the plate to the lower side and right to left, and again levelled. The plate was then again exposed and thus a second image of the line impressed, and one of the two images was as far to the right of the axis about which the plate had been turned as the other was to the left. Half the distance between the two images would therefore be the distance of the line from the centre of the field, and the knowledge of this would give the means of calculating the deviation of the rays producing the line from the axis of the telescope. The telescope was next turned to the corresponding angle on the other side of the collimator and the operations repeated with a second plate, but without any alterations of adjust ment. The telescope was then moved through a small angle, generally 5' or 10', and the same operations as before repeated on both sides of the collimator, the second pair of plates being intended to serve as a check upon the first.
Similar operations were then repeated at such angular intervals as should bring in the most characteristic strong lines of iron all along the scale. Beyond the wave length 2327, it was found that the iron lines were too faint to produce any sufficient impression on the plates. For the region beyond this up to wa,ve-length 2135, copper electrodes were substituted for iron. This being about the limit of transparency of calcite (the material of our prisms), was the limit of our study of spectra at this time.
The measurement of the distance between the two images of a line was made by the micrometer above described, and to convert this distance into arc, it was necessary to know the distance of the plate from the centre of the object-glass of the telescope. I t was found by measurement th at the distance from the object-glass to the front of the photographic plate, when the sliding tube was at the 100th division, was 439 millims., and the thickness of the lens at its middle 2*5 millims., which, divided by the refractive index of quartz for the high rays observed is very nearly 1*5 millim., making the distance of the photographic plate from the optical centre of the objectglass very nearly 440'5 millims. From this the formula tan-1 -----was deduced for the angular distance of a line from the axis of the telescope when the difference of the micrometer readings of the two images of the line is I), and the number of divisions of the scale of sliding tube at which the telescope was focussed was a. To determine whether the angle so found was to be added or subtracted from the reading of the circle, all th at was necessary was to observe whether the micrometer reading of the upper or lower image as seen in the microscope were the greater. The angular position of the line having thus been found on each side of the collimator, the wave length was deduced by the ordinary formula.
The following tables give the measurements made, the calculated angles, and the wave-lengths deduced.
The quantities recorded in the several columns is as follows :-I. The mark of the particular photographic plate. II. The reading of the circle, giving the position of the telescope. III. The reading of the scale of focussing tube. IV. The measured distance of the two images of the line in hundredths of an inch.
V. One half this distance reduced to angular measure with the sign -j-oraccording as it is to be added or subtracted from the reading of the circle to give the angular position of the line.
YI. The angular position of the line. VII.
The mean values of the angular positions so found. W hen several sets of plates have been taken at different times, or with varied adjustments, the means for the several sets are given separately.
V III. The deviation from the normal to the grating of the line as deduced. IX. The wave-length deduced or adopted. W hen different sets of plates give different values, these different values are inserted in brackets.
The figures belonging to different lines are separated by horizontal spaces.
In the case of plates marked with a figure less than 172 the arc was employed to give the light, in the case of all plates with the mark 172 and upwards the spark was employed. As in the highest region we have used the lines in the spectrum of the spark between copper electrodes as lines of reference, we add here the measurements and calculated values for these lines, and for the strong magnesium lines which we have sometimes used in interpolating. Rem arks on the foregoing tables.
It will be observed th at when two or more independent determinations have been made the wave-lengths found are often identical, rarely differ by more than *2 of a tenth-metre. This seems to make the probable error in most cases very small-smaller than we venture to think it really may be, for there are one or two sources of error which are quite sufficient to account for a variation of *2 of a tenth-metre in the wave length. First the sliding tubes of the telescope, for it has a draw tube as well as the usual rack and pinion arrangement for focussing, in order to allow for the great varia tions in the focal distance of the uncorrected quartz lenses, and such sliding tubes have always some play, so that in the operation of reversing the photographic plate by turning the sliding tube about its axis there might easily be a small displacement.
Indeed, the measurement of plates taken successively without movement of any part of the apparatus, except the photographic slide, showed that there was such a dis placement of the axis, and th at it might make an error of in the measurement of the angle, or ± '1 3 on an average in the value of the wave-length.
Another source of error is the want of sharp definition of some of the lines, Some of the lines are really diffuse, and in every case, as already observed, if the image is correctly focussed on the plate when the telescope is on one side of the collimator, it is always a little out of focus when the telescope is moved round to the other side. Hence there may easily be an error in measuring the distance between the lines which may easily amount to ± 8 " of angular measure, or ± '1 in the value of the wave-length.
Still we do not think the probable error exceeds ± '25 of a tenth-metre.
D eterm ination o f the interm ediate lines.
The wave-lengths of a sufficient number of lines of reference having been measured by the grating, the intermediate lines have been mapped by means of prisms. For this part of the work a calcite prism of 30°, cut so that one face is perpendicular to the axis of the crystal, was fixed to the end of the collimator, and a similar prism to the end of the telescope, while between them another calcite prism of 60°, cut so th at the faces are equally inclined to the axis of the crystal, was maintained by a simple system of linkage at the position of minimum deviation, which is also that of single refraction. Photographs were taken at short intervals all down the scale of the spectrum of the arc and spark simultaneously. The image of the arc was focussed on the slit by the quartz lens already mentioned, and thrown ju st under the centre. A t the same time the spark was made to pass horizontally close in front of the slit, without the inter position of a lens, but ju st above the centre. In this way two images were impressed on the plate overlapping one another in the middle. The distances between the lines was afterwards measured under the microscope, and the inverse squares of the wave lengths of the intermediate lines deduced by the graphic method of interpolation between those of the lines of reference. A table of inverse squares was used for the reduction to simple wave-lengths.
The following table gives the results. In many cases there is much difference in the relative intensities of the same line in the arc and spark, and in some cases lines are visible in the photograph of the arc which are not in that of the spark, and vice versd. Beyond the wave-length 2 3 2 7 no spark lines seem to have made any impression on the plates, but the arc lines continue with, however, a sensible falling off in intensity up to the end of the region observed. For this region the copper lines of reference were used, as already explained, and for the highest part of it, above wave-length 2230, quartz prisms were substituted for those of calcite with advantage as regards the amount of light transmitted, but with some loss of dispersion and more of definition.
In the following The account of the ultra-violet spectra of fifteen metals here recorded is a first instalment of the results of observations which we have accumulated during the past three years, but have not heretofore been able to reduce. During that time we have taken some thousands of photographs of the electric arc under various conditions, and especially in crucibles of lime and magnesia (as previously described by us), and in the presence of most of the known m etals; but with the exception of C o r n u 's map of the ultra-violet solar spectrum giving the chief iron lines and a few of those of other elements, up to the line U we have had little to aid us in the exploration of a new field and the assignment of the several lines to the elements producing them, and the measurement of our many photographs has cost both time and patience.
Dr. W. A. M i l l e r long ago published an account of his photographs of the spark spectra of the elements, and Mr. H a r t l e y has recently (Trans. Roy. Dublin Soc.) published photographs of the spark spectra of several elements which are a great improvement on those previously published. But those give spark spectra only, are taken with an apparatus of small dispersion, and are not reduced to scale, so that they give qualitative rather than quantitative results. The spectra which we here describe are those of the arc up to the wave-length 2200, and we give in each case the approximate wave lengths of the lines observed. For some few of the lines of tin and aluminium the wave-lengths have been determined by means of a grating as described in the first part of this paper, but in all other cases they have been derived by interpolation from the wave-lengths of the neighbouring iron lines. In the map which accompanies this paper we have given in the top line the principal lines of iron for convenience of refer ence, and in the lowest line the arc lines of carbon with which it is necessary to be acquainted as they are always present, though varying much in intensity, in the arc taken between carbon electrodes. The scale of this map is one-half that of A n g s t r o m 's " Normal Solar Spectrum."
We have already, in describing the visible spectra of the alkali metals and that of magnesium, called attention to probable harmonic relations between the lines. This relation manifests itself in three ways-first, by the repetition of similar groups of lines; secondly, by a law of sequence in distance, producing a diminishing distance between successive repetitions of the same group as they decrease in wave-length; and thirdly, a law of sequence as regards quality, an alternation of sharper and more diffuse groups, with a gradually increasing diffuseness and diminishing intensity of all the related groups as the wave-length diminishes.
The first relationship has long since been noticed in the case of the sodium lines which recur in pairs, and we have observed th at the potassium lines between the extreme red and violet pairs are repetitions of a quadruple group, while the lithium lines (with the exception of the blue line mentioned below) are single, and one set of those of magnesium triplets. W e now record a second harmonic* series of potassium lines which appear to be pairs, and the violet pair, and possibly the red pair too, belong to this series. Lithium shows a second harmonic series of single lines high up on the scale. Calcium gives a long series of well m arked trip le ts; zinc likewise gives a series of triplets ; aluminium gives pairs, and in the highest region trip lets; thallium gives a series which seem to be quadruple groups with two of the four lines in each of much greater intensity than the rest. The alternations of sharper and more diffuse groups are generally apparent and are very marked in the cases of calcium and zinc. The diminishing distance and intensity and increasing diffuseness of successive repeti tions of the same group as the wave-length diminishes, are in all the cases mentioned very plain. In all these cases the different lines forming a group are tolerably close to one another, so that successive repetitions of a group do not overlap one another, but it may be that in other cases the lines forming one group may be so far apart th at the most refrangible line of one group may be more refrangible than the least refrangible line of the next repetition of the group; the groups and their sequence will thus be much less easily recognised.
Potassium.
The ultra-violet spectrum of potassium, so far as we have observed ft, is apparently one harmonically related series of which the first member above, the visible spectrum is a double line ju st below the solar line 0 ; the next falls between Q and It, and the others follow at decreasing intervals, the seventh and last that we have observed falling just above U. I t is only in the case of the line near 0 that we have been able to make sure th at it consists of a pair of lines, but it is very probable that all are pairs in reality; all are strongly reversed, as might be expected from the volatility of the metal, and expanded when a fresh quantity of the metal or its compounds is introduced into the arc, so th at the separation of the pairs, if such they be, could not be seen, while the more refrangible lines die away and are not recognisable as bright lines amongst the many lines which come out in the arc, as the alkali metal is dissipated. The line between Q and R, which is a strong line, happens to be in a region where the lines of iron, manganese, and chromium lie very closely, so that we cannot pronounce with certainty th at it is a double line. PROFESSORS G. D. LIVEING AND J. DEWAR ON * By an " harmonic series" of lines we merely mean a series of overtones of a fundamental vibration we do not mean that they follow the simple arithmetical law of an ordinary harmonic progression, but are comparable rather with the overtones of a bar or bell than with those of a uniform stretched string. 
Sodium .
The sodium lines observed by us also form one apparently harmonic series with the double line, wave-length 3301, observed by C o r n u . In this case also we have not been able to make out th at any of the lines above 3301 are double, as when there is enough sodium present to develop them decidedly they are always more or less diffuse and reversed. Indeed, the line at 3301 is a very close pair and it is not often seen as two lines.
One line is so near to the very strong magnesium line, wave-length 2852, that the apparent development of the magnesium line by sodium was for some time an enigma to us. The sodium line is a little less refrangible than the magnesium line. L ithium .
We have already described one apparently harmonic series of lithium lines extend ing into the ultra-violet up to about wave-length 3799. This series we described as all single lines though alternately sharp and diffuse. This description is correct, except that we have since found that one line of the series, namely, the strong blue line at wave-length 4604, is really a double line. When a fresh dose of lithium, or of some one of its compounds, is introduced into the arc, a second weaker line comes out on the more refrangible side of the strong blue line, and gives to it all the appearance of a reversal with an expansion of the bright wings unequally extended on the two sides. As the strong blue line is, however, often really reversed, the effect is then that of a double reversal, that is to say, the appearance is th at of a broad bright band with a narrower dark band within it. and a bright line in the middle of the dark band. The second line rather quickly dies out as the lithium evaporates, leaving the strong blue line comparatively permanent. We have never observed any such second line, or companion, to any of the other lines of lithium. The new series begins with a line at wave-length about 3232, and dies out with a very diffuse line at about wave-length 2359. The following is a list of the ultra-violet lines we have observed. 
Strontium .
Strontium, and its compounds, produce a line at wave-length 3705 coincident, or nearly so, with one of the lines ascribed to calcium by C o r n u . W e have so often observed this line much reinforced by strontium without any increase of the other calcium lines which are always present in the arc from calcium in the carbon electrodes, th at we think we are justified in putting down a strontium line at this place. Two other lines of this metal are close to, but not coincident with lines of barium. 
S t r o n t i u
Calcium.
C ornu has mapped two calcium lines, one on either side of the solar line M, and four other lines, of which one is coincident with the solar line B, one slightly less refrangible, and the other two more refrangible. One of these lines, at wave-length 3168*5, we have never certainly seen, but the others are well developed when calcium compounds are put into the arc. Besides these we have always seen when calcium, or one of its compounds, is present in moderate quantity a series of triplets analogous to those of magnesium. Each triplet consists of two strong lines with a rather weaker line on their more refrangible side. This series appears to be harmonically related to the well-known blue triplet at wave-length 4454-24. The first repetition of this triplet occurs close to H, one line of the triplet falling below H, while the other two lines fall between H and K. The next triplet falls between N and M, and the next between O and N, and so on at decreasing intervals, the most refrangible repetitions becoming very faint and diffuse, so th at in the last, a little below S, we have only been able to distinguish the strongest two lines of the triplet. The triplets are alternately diffuse and sharp, those near H, between O and N, and so on alternately, being the sharper. The diffuse triplets are stronger than the others and more easily reversed. Beyond this series we have noticed only one calcium line, and that is high up on the scale, at wave-length about 2398. 
Zinc.
Zinc is another metal which gives a well-marked apparently harmonic series of triplets, but the different lines of each group are further separated than in the calcium or magnesium triplets. The middle line of the first triplets confounds with the sodium pair wave-length 3301, but by reason of the diffuse character of the zinc line we have not been able to decide whether the coincidence is more than approximate. •Diffuse.
'Very diffuse.
M ercury.
A s m ig h t b e e x p e c t e d fro m i t s v o la t ilit y , i t is d iffic u lt t o o b t a in lin e s o f m e r c u r y in
t h e a rc ; b u t o n e lin e g i v e s a r e v e r s e d im a g e o f i t s e l f a t w a v e -l e n g t h 2 5 3 6 '8 .
T h is lin e is v e r y b r ig h t in t h e fla m e o f c y a n o g e n , c o n t a in in g v a p o u r o f m e r c u r y .
but they lie in a part of the spectrum so near the limit of transparency of calcite that it is quite possible th at there may be more beyond, which will show themselves when quartz prisms are used; a strong triplet near N appearing in the spark, wave-length about 3605, 3598, 3585, does not show in the arc so far as we have observed. Lead.
The lines of lead are numerous and strong, and many of them readily reversed. We have not yet traced any probably harmonic series amongst them.
Lead also gives some indefinite bands of continuous light about the region wave length 2500.
Lead lines.
Approximate wave-length.
Remarks. Tin is remarkable for the number and strength of its lines in the higher region of the spectrum, while its lines of lower refrangibility are so feeble th at we have never seen any in the arc in the visible part of the spectrum. C o r n u has recorded one line at wave-length 3260, and we have had no difficulty in recognising this line, but a line very nearly in th at place is also developed by lead when other tin lines are not developed, and we have not been able to perceive th at these lines are separable in any of our photographs. Many of the higher lines of this metal are easily reversed, indeed are almost always reversed in our photographs. Carbon.
4019-
In our map we give the carbon lines as developed in the arc. These occur in the arc taken between poles of purified graphite in air, and in nitrogen, and in carbonic acid gas, and they are always present in the arc taken in our crucibles. Most of them are also in the spark spectrum of carbon as described by us (Proc. Boy. Soc., xxxiii., 403), but some of the spark lines are not developed in the arc, and there are two lines in the arc which we did not notice in the spark. The strongest line.
2434-8
Not observed in spark.
